Self-consistent quantum modeling of GaN-based nanostructure are presented. The tight-binding approach is used to calculate optical properties while optimized effective mass approaches are used to obtain the output characteristics of GaN HEMT. The complicated wurtzite structure and the presence of such internal field make the simulation of nitride-based device a formidable task. Microscopic approaches are required in order to reduce the number of unknown parameter needed for device simulation.
The realization of green-blue LEDs and lasers on the one side, and of power HEMTs on the other side, has focused a lot of attention to nitride-based heterostructures. While green-blue souces are sought for displays, light bulbs, DVD drivers, A1GaN/GaN modulation doped-field-effect transistors are extremely attractive due to their potential use for high-voltage and high-power operation at microwave frequencies. High peak electron velocity, saturation velocity, thermal stability and breakdown fields are in fact very appealing properties of nitride materials for such applications.
When grown in the wurtzite structures (which is actually the most interesting one), nitrides display a non-zero macroscopic polarization, comprising both a spontaneous and a piezoelectric component. Such polarization induces an internal electric field, which modifies quite profoundly the properties of nitride-based heterostructures with respect to more standard systems based for example on GaAs. Because of the polarization field, we can have a strong (width-dependent) Stark shift in the luminescence of nitride-based quantum wells, or growth-direction dependence of the channel properties of HEMTs.
The complicated wurtzite structure and the presence of such internal field make the simulation of nitride-based device a formidable task. Microscopic approaches are required in order to reduce the number of unknown parameter needed for device simulation.
In the following we consider the simulation of GaN-based nanostructured device ( We show in Figure 3 [5, [7] [8] [9] . By comparing the result of Figure 3 with the one with a large A1 concentration in the barrier we find that the current flowing in the devices depends strongly on the A1 content of the top layer. 
